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ABSTRACT
Nowadays, several research projects show interest in employing volunteered geographic
information (VGI) to improve their systems through using up-to-date and detailed data. The
European project CAP4Access is one of the successful examples of such international-wide
research projects that aims to improve the accessibility of people with restricted mobility
using crowdsourced data. In this project, OpenStreetMap (OSM) is used to extend
OpenRouteService, a well-known routing platform. However, a basic challenge that this
project tackled was the incompleteness of OSM data with regards to certain information
that is required for wheelchair accessibility (e.g. sidewalk information, kerb data, etc.). In this
article, we present the results of initial assessment of sidewalk data in OSM at the beginning
of the project as well as our approach in awareness raising and using tools for tagging
accessibility data into OSM database for enriching the sidewalk data completeness. Several
experiments have been carried out in diﬀerent European cities, and discussion on the results
of the experiments as well as the lessons learned are provided. The lessons learned provide
recommendations that help in organizing better mapping party events in the future. We
conclude by reporting on how and to what extent the OSM sidewalk data completeness in
these study areas have beneﬁted from the mapping parties by the end of the project.
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The collective awareness platforms for improving
accessibility (CAP4Access) in European cities and
regions, was a European project (runtime: January
2014–January 2017) (Institute of Geography,
Heidelberg University 2017) aiming to develop and
pilot-test methods and tools for collectively gathering
and sharing spatial information for improving acces-
sibility (Zipf et al. 2016). The aim of the project was
to exploit the power of online maps and mobile
devices for fostering awareness of barriers for indivi-
duals with limited mobility and in turn aid in the
removal of such barriers.
CAP4Access aimed at integrating people with lim-
ited mobility into society (social sustainability), sav-
ing public resources (e.g. by helping municipalities to
focus expenditures) (economic sustainability) and
also saving natural resources (e.g. by facilitating pub-
lic transport use) (ecological sustainability). Data
sources used in the project included humans as sen-
sors, sensors in smartphones, and public sector infor-
mation such as data held by local administrations
which are of relevance to accessibility (e.g. road sur-
face and width, traﬃc volumes and speed, elevation,
etc.). Target groups included people requiring
enhanced accessibility; grassroots initiatives support-
ing people with disabilities; policy-makers, planners,
and service providers with responsibility for the built
environment; and the general public. Rather than
setting up a new platform, the tools to be developed
were pilot-tested on established platforms including
Wheelmap (Mobasheri, Deister, and Dieterich 2017),
OpenRouteService (The Heidelberg Institute for
Geoinformation Technology 2018), and
OpenStreetMap (OSM). Employing tools targeting
local initiatives for supporting awareness raising and
collective action was necessary. The aim of this task
was to enable local activities for creating awareness
and initiating concrete measures for eliminating bar-
riers for people with limited mobility.
Supporting awareness raising and collective action
is not primarily a technical task. This article will
detail various aspects of awareness raising with
respect to the consequences they have on technical
design requirements. A crucial aspect of awareness
raising involves making people conscious of certain
realities they have not yet thought about or have not
been taught to consider.
It is important to note that awareness raising does
not stand alone but is a topic that intersects with the
other research topics. A technical design solely for
awareness raising is neither suitable nor applicable as
the other functions of the tools and software being
developed will largely determine what the required
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architecture should be. Nonetheless, there are certain
aspects of awareness raising to consider with regard to
the technical design of the tools under development.
In Article 8 of the UN convention on the rights of
persons with disabilities (Department of Economic and
Social Aﬀairs, Division for Inclusive Social Development,
UN 2017), the awareness raising is described as follows:
(1) States Parties undertake to adopt immediate,
eﬀective, and appropriate measures:
● To raise awareness throughout society, includ-
ing at the family level, regarding persons with
disabilities, and to foster respect for the rights
and dignity of persons with disabilities;
● To combat stereotypes, prejudices and
harmful practices relating to persons with
disabilities, including those based on sex
and age, in all areas of life; and
● To promote awareness of the capabilities and
contributions of persons with disabilities.
(2) Measures to this end include:
(a) Initiating and maintaining eﬀective public
awareness campaigns designed:
● To nurture receptiveness to the rights of
persons with disabilities;
● To promote positive perceptions and
greater social awareness toward persons
with disabilities;
● To promote recognition of the skills, mer-
its, and abilities of persons with disabil-
ities, and of their contributions to the
workplace and the labor market;
(b) Fostering at all levels of the education
system, including in all children from an
early age, an attitude of respect for the
rights of persons with disabilities;
(c) Encouraging all organs of the media to
portray persons with disabilities in a man-
ner consistent with the purpose of the
present Convention; and
(d) Promoting awareness-training programs
regarding persons with disabilities and
the rights of persons with disabilities.
For this project, OSM—a volunteered geographic
information (VGI) database is used for collection of
data (through Wheelmap) as well as input data for
OpenRouteService—an open source routing engine.
Several research studies have employed VGI data for
various application domains (Mooney and Minghini
2017) including urban studies (Bakillah et al. 2014a;
Crooks et al. 2015; Gil 2015; Sun and Du 2017), routing
and navigation (Luxen and Vetter 2011; Bakillah et al.
2013; Neis and Zielstra 2014; Rousell et al. 2015) as well
as studies of touristic activities (Vohnout et al. 2014;
Teslya 2014). Within the CAP4Access project, we
employed the possibility and suitability of OSM data
for a routing service dedicated to people with limited
mobility. The target users of such routing service are
mainlyWheelchair users, but elderly people, and people
using pushchairs or baby carriers could also beneﬁt
from such a service.
OSM data, like any other form of VGI, are gener-
ated by volunteers who may or may not have enough
expertise for mapping data collection. This leads to
potential skepticism about the reliability of such data-
sets (Goodchild and Li 2012). Therefore, as an initial
step in the project development, research study
needed to be carried out in order to evaluate and
assess the quality and suitability of OSM data for
being used within the CAP4Access project as well as
how the quality could be enriched in order to be
better prepared for the Wheelchair routing service.
This article aims to address this concern, and show
the result of quality assessment of sidewalk and other
accessibility-related information in OSM data, and
further present an awareness raising and public
engagement approach that has been taken in order
to enhance the quality of OSM data.
The rest of the article is structured as follows. Section
2 provides information about the initial assessment of
OSM data quality with respect to required geographic
information. In Section 3, we present the details of our
method for engaging volunteers to map sidewalk and
accessibility related geographic data. While the results
of several experiments carried out in two pilot cities are
discussed in Section 4. Finally, the article concludes by
pointing out the advantages and disadvantages of our
method as well as the lessons learnt throughout the
experiments. The article ends with an evaluation of
how helpful the proposed method was in enriching
the quality of OSM data.
2. OSM data quality assessment
Quality and reliability of OSM data has been pre-
viously studied in various projects and countries
(Senaratne et al. 2017). The authors noted that the
methods for data quality assessment and enrichment
depended on the application domain as well as the
aims of the project. Within the CAP4Access project,
the importance of OSM data quality is reﬂected in
two user stories.
First, as a user of wheelchair routing service, peo-
ple want to know how many objects (e.g. hotels) are
most likely to turn out to be accessible once he/she
gets there. The issue is that people could have the
choice of three hotels; all are presented on the map
(e.g. Wheelmap) as being accessible. He/she would
like to choose the hotel for which the grading data is
most up-to-date and has been conﬁrmed by as many
other users as possible. A quality assessment tool
could potentially connect to Wheelmap and
Booking.com through their APIs, and collect
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necessary rating information from them (e.g. from
Wheelmap the information regarding how many
users have viewed and conﬁrmed the grading of the
hotel(s) could be retrieved, and from Booking.com
they could ask queries such as whether the hotel is
wheelchair accessible based on their database). Based
on such information the quality assessment tool can
aggregate the results and provide a suggestion, based
on rankings.
Second, as a user who wants to know if the data that
he/she is relying on has been validated by a knowledge-
able source. The question is that can he/she trust the
information on accessibility which is being provided?
Concerning the possible solutions, people could think
of various options: the data themselves could display a
quality tag of some kind. Accessibility tags, for example,
could be rated by a number of conﬁrmations (provided
that the accessibility tagging would be extended by such
a mode); or a whole data set (all data, a certain city’s
data, etc.) could obtain an approval or certiﬁcation of its
overall quality.
Since the people who use the ﬁnal developed tools
would need to rely on the input data, the accuracy of
such data is of critical importance. Hence, this section
presents the results of an initial assessment of OSM
data quality for being used in OpenRouteService
(Neis and Zipf 2008). In this study we deﬁne data
quality as ﬁtness for purpose. We argue that as long
as a dataset meets the requirements of the project, it
is of acceptable quality. Having this in mind, we
understand that three data quality elements based
on ISO standard for geographic information are
important for a dataset such as OSM to be used by
a routing service. These three elements are positional
accuracy, completeness, and logical consistency.
Among them, completeness is of most importance,
because in cases where there is lack of data, there is
no need to check the other characteristics of it (posi-
tion, consistency, etc.). Hence, the main assessment
of OSM data quality for CAP4Access project was
devoted to checking the completeness of it.
Completeness is deﬁned as a measure of the lack/
excess of data (Oort 2006). It could be divided into
three types/levels: (a) object; (b) attribute; and (c)
value. As depicted in Figure 1, there are three diﬀer-
ent checks that could be performed for evaluating the
completeness of OSM data. In the ﬁrst check, missing
objects (e.g. sidewalks) should be identiﬁed.
Depending on the selected quality assessment method
(extrinsic or intrinsic analysis), a reference dataset
may be required. Since OSM data does not have
sidewalk geometries and sidewalk information are
tagged to ways (i.e. highways), we skipped this
check. In the second type of check, the missing attri-
butes (or availability of attributes) could be checked.
In this study, we applied an intrinsic analysis of
completeness check, by checking the OSM dataset
for selected list of tags relevant and required for
accessibility (Table 1).
As an initial attempt, in order to explore OSM data
and to understand the current status of OSM data
completeness with regard to sidewalk information, we
performed a query of OSM data, visualizing the road
objects that have a tag which shows whether a side-
walk exists on the route or not (note that every object
mapped in OSM data is annotated with extra infor-
mation in forms of tags attached to the object fea-
ture). This analysis was performed in order to show
the importance of data completeness as well as help-
ing project partners to select the best regions within
the city for their pilot tests. Table 2 presents the
results of this analysis for each pilot city.
Results of this analysis as well as a more com-
plete extrinsic and intrinsic analysis of sidewalk
information (Mobasheri et al. 2017a) demonstrated
the problem of sidewalk data incompleteness in
OSM. Hence, one of the next steps in the research
project is to develop and apply approaches for
enriching the sidewalk information in OSM. There
have been other studies on the same topic that use
rule-based reasoning (Mobasheri 2017) and data
mining techniques (Mobasheri et al. 2018) for
Figure 1. The proposed system architecture for data completeness checking.
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OSM Sidewalk information enrichment. While this
article presents another approach which is very
diﬀerent in the nature of the methodology. More
speciﬁcally, the methodology presented in this arti-
cle deals with increasing the awareness and enga-
ging the crowd for enriching sidewalk information
in OSM.
3. Methodology
Since OSM is a crowdsourced database, and public
volunteers edit the data, a basic and sustainable approach
is to increase the awareness of the need for sidewalk
information for target users such as Wheelchair and/or
pedestrian users. This would lead to enrichment of the
completeness of sidewalk data for certain regions where
the engagement plans have taken place, as well become a
sustainable approach for the enrichment of sidewalks
into OSM, since the people would become aware of the
importance and need of it. In this article, we speciﬁcally
reported the awareness raising and public engagement
taken place in two cities, London and Heidelberg in the
form of mapping workshop events, and we presented the
various active collection tools used for this means.
Within CAP4Access we created online and oﬄine
public awareness campaigns. Building on the history
and success of Wheelmap, we designed our awareness
raising activities based on the following three criteria,





Scalability in terms of mapping and crowd sour-
cing means allowing for a product or service to be
experienced in diﬀerent ways by many diﬀerent users
—that is, concurrently, in one or in multiple groups,
in diﬀerent regions and very importantly, indepen-
dent of the owners of the product or service. That
being said, the technical design needs to be able to
adapt to a user’s needs, for example by providing the
implementation of additional languages.
In order for a product to be scalable, it is important
to prevent the formation of bottlenecks. A bottleneck is
a phenomenonwhere the performance or capacity of an
entire system is limited by a single or limited number of
components or resources. The technical design of the
products and features should therefore avoid any limit-
ing processes that inhibit the user’s activity, such as
required editorial or authorization procedures. Users
want to retrieve information or see their input imme-
diately. This means that whenever there is another
entity involved, which needs to authorize a user’s activ-
ity, this leads to delays and potential frustration on the
part of the user, ultimately resulting in a decrease in
participation.
As far as possible, users should be able to customize
any tools on their own, according to their individual
needs. This requires a frontend that can provide the
user with a variety of customizable options, such as
adaptable ﬁgures, numbers, or regions and access to
the tool’s activity history. Sustainability is therefore a
much-needed requirement when it comes to securing
the engagement of stakeholders whomwe need in order
to increase the impact of our project.
Technically, from a design point of view, sustain-
ability means that you must make sure that any data
Table 1. Relevant information (tag values) in OSM data for routing and navigation of people with limited mobility,
adapted from Neis and Zielstra (2014).
Parameter OSM Tag Unit
Sidewalk sidewalk = left|right|yes|no|both
Sidewalk, width sidewalk(:left|:right):width = * (m)
Sidewalk, surface sidewalk(:left|:right):surface = paved
Sidewalk, smoothness sidewalk(:left|:right):smoothness = good
Sidewalk, incline sidewalk(:left|:right):incline = * (%)
Sidewalk, curb sidewalk(:left|:right):sloped_curb(:start|:end) = * (m)
Steps step_count = *
Ramp highway = steps; ramp = yes; ramp:wheelchair = yes; ramp:stroller = yes




London, UK Heidelberg, DE Vienna, AU Elche, ES
Sidewalk 14972 753 445 0
Sidewalk width 75 8 136 1
Sidewalk surface 5723 113 1355 14
Sidewalk smoothness 5 126 15 0
Sidewalk incline 62 6 12 1
Sidewalk curb 0 0 0 0
Step count 34 0 5 0
Ramp 40 0 3 0
Total number of residential ways 60231 1501 10227 2461
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is always accessible to everyone in machine-readable
formats. It is also crucial to design database and
software in open source formats (Bakillah and Liang
2016), and make them independent of speciﬁc
licenses or server infrastructures of CAP4Access con-
sortium partners. There always needs to be a way to
migrate already developed software tools (e.g. via
GitHub pull requests) or retrieved data and to be
able to continue carrying out these actions even
after our project itself is oﬃcially ﬁnished.
Considering the criterion’s social impact, it is impor-
tant to point out that the awareness raising is a key
aspect of social impact, and one which is diﬃcult to
measure. Awareness raising and social impact require
each other. The experience of the project Wheelmap is
that the obvious social impact of the project helps to
engage people and to motivate them to become active.
Another insight that has been gained is the need for
clearly deﬁned and actionable tasks with which to
engage the community. Questions to be answered or
data to be gathered by the community must be clearly
deﬁned and self-explanatory.
There are several relevant application cases and
user stories involved. For example, as a city planner,
people want to know where in the city action needs to
be taken so that accessibility will be improved; as an
activist, people hope that the local authority can
know about accessibility in their city in order to
sensitize them and make them more active; as a
wheelchair user, people wish to be able to report an
accessibility problem to their public transportation
provider so that the provider can make the necessary
changes to improve the service; as a policy maker,
people want to know about the experiences of other
municipalities in other countries with regard to
improving accessibility so that their city can learn
from them; as a mapper, people want to let people
know about their desire to get engaged and to have
the opportunity to invite more people to a mapping
event, so he/she can map within a group rather than
being alone.
The awareness raising and collective action tools
we used during the ﬁrst two years of the project
which are discussed in more details below are:
● MyAccessible.EU website: A tool to reach a
wider community by using a tone and providing
content that is appealing to people outside of the
project. With easy-to-understand blog posts
about the activities in the pilot sites, the devel-
opment of the new tools, the activities around
Wheelmap and about other relevant external
projects the website seeks to convey the partici-
patory aspect of the project to a mainstream
audience. It reaches a diﬀerent kind of audience
comparing to the CAP4Access website, which
provides more oﬃcial and technical documenta-
tion of the project’s progress.
● MapMyDay: A campaign format for large scale
mapping events using Wheelmap.org. It consists
of a website in seven languages, a wide variety of
informative materials in several languages, a
social wall that shows every tweet or post using
the #MapMyDay hashtag, a counter to show the
newly marked places on Wheelmap in real time,
a localized, embedded segment of Wheelmap
which can be used directly, a Facebook commu-
nity page and a Twitter account.
● Twitter: The MyAccessible.EU account is a tool
to make people in the disability and mapping
communities aware of CAP4Access and its activ-
ities. The account is well suited for making con-
tact with and learning from other projects.
In addition, Wheelmap was used extensively as the
focus for awareness raising activities such as mapping
events. The mapping events were held in four diﬀer-
ent cities (and countries) within Europe on various
occasions throughout the year. In the next section we
present details about the implemented mapping
events in two case studies: London and Heidelberg,
and discuss the results of such activities including the
lessons learnt as well as to what extent such activities
were able to enrich the completeness of sidewalk data
in OSM of those regions.
4. Results and discussion
Throughout the project period, several activities in all
four pilot cities were carried out. In this article, in
order to avoid duplicate examples, we selected exam-
ples of the activities in London and Heidelberg.
Activities in London and Heidelberg have primarily
focused on awareness raising which have sought to
encourage the public to engage in actions indepen-
dently. Activities have combined both virtual and in-
person interactions.
4.1. Awareness raising and public engagement in
London
4.1.1. Practices
(1) Access the National Trails (ANT)
After liaising with various walking organizations,
the social enterprise Walk Unlimited voiced their
enthusiasm to participate and put us in contact
with several National Trail oﬃcers. ANT was
devised in order to collect accessibility information
and raise awareness about accessibility in the con-
text of walking. The National Trails comprise of
over 2000 miles of footpath and bridleway across
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England and Wales (Walk Unlimited 2018). The
paths themselves are in various states of accessibil-
ity, but there is currently no oﬃcial source of infor-
mation regarding their suitability for wheelchair
users and others with limited mobility. The volun-
teers mapped footpaths using the MyAccessibleEU
Obstacle Mapper collecting images and detailed
information about particular obstacles (Figure 2).
The data was added to the contributions already
available online and it oﬀered information about
the speciﬁc barriers that aﬀect the accessibility of
paths, enabling wheelchair users and others with
limited mobility to assess which routes to take
(Figure 3). The collected information, and the fact
that the Yorkshire Wolds Way is now completely
stile-free, make the trail an attractive destination for
all who want to enjoy the outdoors. The volunteers
spent a considerable amount of time testing the
application, providing feedback and helping to
reﬁne the workﬂow from data collection to visuali-
zation, which has resulted in a seamless integrated
process. Overall, a good amount of data was col-
lected during the workshops. Over 27,000 m of trail
imagery were captured using Mapillary, and more
images were added by participants afterwards. 80
obstacles such as gates, rivers and uneven surfaces
have been marked.
Mapping for Change (MfC) company in UK con-
tinues to promote the use of Obstacle Mapper to
collect information about particular obstacles in
areas with no mobile network, Mapillary, which
uses GPS to geolocate images, to develop imagery
along the trails, and Wheelmap to mark the accessi-
bility of venues along or near to the trails.
(2) Ramp it Up Campaign (RIU)
The RIU Campaign was designed to spark community
interest, raise awareness for accessibility issues across
the United Kingdom, and guide businesses toward
opening up their services to people with disabilities.
This combined with the free app “Wheelmap” was
viewed as making some headway to improving the
Figure 2. Mapping along the national trails.
Figure 3. Screenshot of a map illustrating sample data collected during the event.
GEO-SPATIAL INFORMATION SCIENCE 239
accessibility of our towns and cities. Speciﬁc regions
were targeted with the aim to get coverage and nomi-
nations from across England, Ireland, Scotland, and
Wales, to provide an opportunity to make places acces-
sible identiﬁed by the public as currently inaccessible
and to encourage businesses and building owners to
provide wheelchair accesses to their premises.
The campaign commenced at the beginning of
November, 2016 and ran for the period of a month.
Members of the public were asked to nominate and
vote for places that they would like to go to but were
currently inaccessible due to a lack of having a step-
free access. The announcement of winners was sched-
uled to coincide with the UN International Day for
people with Disabilities on 3rd December.
This event was predominantly designed as a social
media campaign. A designated Facebook page was
created as well as a voting platform integrated with
Facebook to manage the process (Figure 4). A tab
from the MfC Facebook page enabled people to
access the contest details and oﬀered guidance on
the steps required to submit a nomination. In addi-
tion to using social media, MfC also visited locations
in London, Bristol, and Halifax to circulate ﬂyers
about the campaign, whilst simultaneously using the
opportunity to distribute material on the Wheelmap
Ambassador programme and Cap4Access tools.
During the campaign, 49 entrants were received.
Each submission had to be reviewed for their eligibil-
ities and assessed as to whether the nominated busi-
ness or organization was willing to accept the
nomination and whether the ramp speciﬁcations
were appropriate to overcome the steps. This process
resulted in 25 nominations being validated for inclu-
sion—others were excluded from the campaign
because they either had too many steps, or other
physical barriers to overcome.
Over the course of the month RIU, there were over
10,000 visits to the site and over two thousand votes
were cast (Figure 5). The sites that were nominated
spread from Scotland in the north to Bristol in the
southwest. A number of locations were nominated
after the RIU ended, and each were given details on
where and how to go about purchasing a portable ramp.
Nominees were notiﬁed of the outcome of the
campaign and the top 10 secured a portable ramp.
The winners were given window stickers for use on
the premises to inform the public of the portable
ramp and were asked to take a photo of the mounted
ramp. They were also asked to mark themselves as
accessible on Wheelmap (Figure 6).
4.1.2. Lessons learned
The target group for obstacle data were volunteers
with an interest in walking on the National Trails.
Since the project had a focus on raising awareness as
well as data collection targeting a speciﬁc “commu-
nity of interest” and provided an opportunity to
address both of these aims.
The mapping events were very similar in format to
the Wheelmap mapping parties and recruitment was
again done through speciﬁc networks and organiza-
tions linked to the National Trails and walking enthu-
siasts. In the case of the National Trails, mapping
activities involved introducing the applications:
Wheelmap, Obstacle Tagger and Mapillary. Tool
Figure 4. Illustration of the RIU Campaign on Facebook.
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Figure 6. Illustrations of portable ramp mapped on Wheelmap.
Figure 5. Illustration of statistics collected during the RIU Campaign.
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guides were provided with directions on which tools
to use for which purposes: Obstacle Tagger to map
obstacles; Mapillary to capture trail imagery, and
Wheelmap to tag points of interest. Participants
were divided into groups with each member assigned
a speciﬁc application. Mobile phones were provided
with each of the applications pre-loaded. The work-
shops and mapping activities provided a great oppor-
tunity to raise awareness about barriers to
accessibility and the various tools designed to help
address these.
The demographic make-up of participants was less
diverse to other mapping events and comprised a
much older group of volunteers. As such, explaining
how each of the applications worked took considerably
longer, which reduced the amount of time available for
data collection. However, the initiative has helped to
address the need for adequate accessibility data in the
context of hiking, but also involved technical compo-
nents which are of potential interest to OSM. Further,
the involvement of staﬀ responsible for the mainte-
nance of the trails has seen sustained use of the tech-
nology. The longer term beneﬁts of using the
applications to provide and maintain data about the
trails’ accessibility is clearly a motivator and they con-
tinue to use the app to collect data up to today.
In general, the mapping activities provided a great
platform to disseminate the broader project objectives
and tools under development. The inclusion of paper-
based activities and wheelchair walks was positively
received and served as a good approach to include all
attendees. Sessions that included a mix of wheelchair
and non-wheelchair users began with a series of insight-
ful discussions from what should be classed as accessible
and perspectives on daily issues with accessibility—from
people misusing accessible toilets, to trouble boarding
buses. Students were asked to reﬂect on these accounts
—many confessed to having used accessible toilets in
the past. However, hearing the daily experiences of
wheelchair users gave students a real insight into how
their behavior can compound people’s problems with
accessibility. Many commented that the speakers had
“opened their eyes,” and that hearing ﬁrst-hand
accounts had given them a much clearer perspective.
Feedback from students was generally positive. The
active, outdoor nature of this activity led many partici-
pants to comment that it had forced them to look at
barriers to accessibility in new light illuminating things
they previously had not seen—as getting out and
experiencing accessibility ﬁrst hand is much more
persuasive.
4.2. Awareness raising and public engagement in
Heidelberg
4.2.1. Practices
On the occasion of the European protest day for equal
rights of people with disabilities, the Heidelberg advi-
sory board of people with disabilities organized an event
at Heidelberg castle. Every year on these speciﬁc days,
particular organizations plan relevant activities in order
to raise awareness of the needs of disabled people
including those with limited mobility. This year, the
CAP4access team from GIScience group of Heidelberg
University contributed by leading a mapping event at
Heidelberg Castle garden.
For the mapping event, a total number of 10 partici-
pants performed mapping of accessibility related infor-
mation for certain objects such as footways, stairs and
their conditions, including surface, smoothness, and
incline. For this purpose, the participants were taught
how to use data collection applications such as
Mapillary and Vespucci (OSM editor for Android
devices). The participants were divided into four groups
in the diﬀerent time slots. Overall, a total length of ways
of 1600 m has been covered with images for Mapillary
and a number of 15 ways got new tags for incline,
smoothness and surface on OSM (Figure 7).
Figure 7. Map of the area where the mapping event took place, and the edited objects (in blue).
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Please note that this is only one example of such
mapping events and several similar mapping events
have been organized in Heidelberg throughout the
3 years’ project, and lessons learnt based on all events
are concluded.
4.2.2. Lessons learned
Mapping Parties provided an enjoyable and convivial
method of engaging participants in CAP4Access, and
issues of accessibility more broadly—both on a
European scale, and in relation to the local areas
where parties were held and did not require the
technical know-how needed for OSM data editing
and enrichment. Engagement techniques reﬂected
this diverse range of participants, and sought to moti-
vate groups accordingly through appealing to a wide
range of interests
The target group for OSM Mapping Parties were
volunteers with an interest in OSM data acquisition.
Since the project had a focus on routing applications
for mobility restricted people, we have tried to collect
more data on sidewalks, since as reported by
Mobasheri et al. (2017b), these kinds of data have
low coverage in OSM.
The mapping parties can be run within a PC lab and
on-site. Both formats have diﬀerent advantages and
disadvantages. The training material in both formats
needs to be prepared. In this way, the participants will
be able to learn about mapping sidewalk data.
The main advantage for a lab-based approach is
that many people are taught how to map in parallel, a
standard OSM editing software as well as good inter-
net connection can be made readily available.
Furthermore, weather conditions do not aﬀect the
success of the event. For the case of on-site mapping,
the advantages are that the acquired data can be
checked in-situ, simple digital devices such as smart-
phones/tablets are enough and not PC-lab equipment
is needed. This may attract people passing by to learn
about what is being done which in turn helps with
the awareness-raising objective.
In terms of the main limitations, for the case of
lab-based approach, there are no street-level images
available for OSM mapping in most areas. Users need
to use areal images, and in such tasks identifying
sidewalks attributes such as surface conditions, and
incline are diﬃcult and impractical. The main limita-
tion of onsite mapping is the unavailability of proper
internet connection which produces costs and cannot
be ensured on every location.
A common limitation for both approaches is the
complex OSM tagging scheme for sidewalks, which
makes it diﬃcult to learn for inexperienced mappers.
The reason behind this is that the tags require knowl-
edge about speciﬁc notation labels and rules, and that
has not yet been supported by guiding templates.
Furthermore, in terms of limitations, motivating
people to engage in mapping actions proved diﬃcult
where there was not already an existing connection
either direct or indirect. Even with events publicized
through various media attendees were predominantly
made up of people who we had been in contact with
through diﬀerent organizations or education provi-
ders. In order to achieve a larger turnout, a lot more
time and eﬀorts would be required to publicize activ-
ities and get supports from some key personalities.
There were also some technical issues with users of
Wheelmap, mainly log-in diﬃculties and closure due
to “technical faults.” There were also some concerns
about what the appropriate classiﬁcation should be
for some locations which were either not clear or
were open to a level of subjectivity. For example, in
one theater, a side entrance provided wheelchair
access, the auditorium was accessible but the bar
and social space were inaccessible to wheelchair
users. In such cases, a detailed description is needed
to supplement the simple traﬃc light system, which is
inconvenient when working on the go to map a
number of places in a short period of time.
Besides the statistics of number of volunteers and
their mapping tasks, it is important to note that
several participants were not aware of the needs of
geospatial data as well as what options they could use
in order to assist in mapping their cities. Therefore,
raising the awareness is a key point that has been
done during such events.
4.3. Evaluation
Since the aim of our tasks was to enrich the sidewalk
data quality (data completeness) in OSM, we have
evaluated our practices by assessing how much the
completeness of sidewalk information in the pilot
cities have changed by the end of the project.
Table 3 shows the statistics of diﬀerent sidewalk
information in the four pilot cities at the beginning
of January 2017.
The results show that almost all attributes of side-
walks is enriched compared to 2014. Among all
Table 3. Results of number of sidewalk objects and attributes











Sidewalk 20421 1008 1292 122
Sidewalk width 145 131 233 29
Sidewalk surface 5791 651 1461 24
Sidewalk smoothness 39 71 43 0
Sidewalk incline 91 73 33 19
Sidewalk kerb 0 0 117 0
Step count 34 12 5 0
Ramp 40 0 3 0
Total number of
residential ways
64021 1527 11629 2714
GEO-SPATIAL INFORMATION SCIENCE 243
attributes, the total number of sidewalk information
has greatly increased in all four cities. In case of
London, a total number of nearly 5500 new sidewalk
information has been tagged by volunteers (Figure 8).
While in the case of smaller city, Elche, this number
equals to 122. In case of Heidelberg (Figure 9), the
awareness raising and mapping events have resulted
in about 16% increase of total number of sidewalk
information compared to the starting time of
CAP4Access project. This shows that the practices
have been received diﬀerently by the community in
selected cities. While not all the enriched information
relates to the mapping parties organized within the
CAP4Access project, it is understood that most of the
edits are the result of increasing the awareness of
people which have used their spare time for further
mapping their neighborhoods.
5. Conclusions
Promoting the active participation of ﬁnal users in
the collection and validation of data will provide the
general public and local administrations with an
overview of the current accessibility situation of the
municipality/region and will, in particular, increase
public awareness about the most serious cases of lack
of accessibility of the built environment. At the same
time, active participation of users helps to make sure
that data are continuously updated, thereby contri-
buting to the sustainability of the tools and platforms
hosting these data (Brovelli, Minghini, and Zamboni
2013). Europe is now focused on providing innova-
tive responses to current societal challenges, moving
from closed innovation models to open and colla-
borative innovations that trigger the power of social
production and collective intelligence (Bria, Gascó,
and Kresin 2015; Brovelli et al. 2017). Engagement
activities designed for speciﬁc outcomes (in this case
of accessibility) may well achieve those goals (Davies
and Simon 2012). For that, the tools used for citizens’
engagement should take into account the diﬀerent
proﬁles of citizens and their digital literacy to guar-
antee that all citizens can participate in the engage-
ment activities (Mooney, Minghini, and Stanley-Jones
Figure 8. Sidewalk data completeness assessment in London, UK (start and end of CAP4Access project).
Figure 9. Sidewalk data completeness assessment in Heidelberg, Germany (start and end of CAP4Access project).
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2015). Wilson and Musick (2008) have shown that
people who take part in civic or associational life tend
to be those with higher socio-economic status, well
educated, employed and aﬄuent. To be eﬀective,
participatory activities should aim to represent and
include the interests of the whole society. Our recom-
mendation is addressed to foster citizens’ engagement
in gathering and sharing data about accessibility as a
way to collect accessible data, assess the accessibility
of cities and buildings, and sustain the tools and
platforms hosting these data.
Our study proves that the awareness raising and
public engagement have a direct eﬀect on the enrich-
ment of data completeness especially for those kinds
of information that target special needs (e.g. sidewalk
information). This means that the volunteers are not
aware of the importance of sidewalk information and
hence do not care to map them in the ﬁrst place.
Properly informing them leads to more attention
from volunteers to include sidewalk information in
their daily/monthly mapping activities. It is worth
noting that within the CAP4Access project, in addi-
tion to the tools presented in this article, other
approaches for data collection (Bakillah et al. 2014b;
Rousell, Hahmann, and Mobasheri 2016) were tested
in some pilot studies which had more or less similar
results with the ones presented here.
Furthermore, another important issue for future
work is to integrate publicly available open data on
sidewalk and kerb data into OSM. For this issue,
local, regional, and national authorities should share
the geographic data they hold and which are related
to accessibility in open access. Existing platforms on
regional, national or even European level should pre-
ferably be used for this purpose. This allows citizens
to consult these datasets and businesses to exploit
those therefore providing beneﬁts for the city and
broader community and mapping communities to
use them for accessibility mapping (e.g. on
Wheelmap, OSM). The EC’s 2011 Communication
on Open Data calls for all public data including geo-
graphic data. The Directive on the re-use of public
sector information provides a common legal frame-
work for a European market of public sector infor-
mation. It focuses on the economic aspects of reuse of
information rather than on the access of citizens to
information. In this sense, more focuses should be
given to this scope in order to encourage local, regio-
nal, and national authorities to share the geographic
data they have to facilitate citizens’ information, in
this case, to improve their mobility.
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